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We prove that all inflationary models, including those with dark energy after the end of inflation,
can be embedded in minimal supergravity with a single chiral superfield. Moreover, the amount
of supersymmetry breaking is independently tunable due to a degeneracy in the choice for the
superpotential. The inflaton is a scalar partner of the Goldstino in this set-up. We illustrate our
general procedure with two examples that are favoured by the Planck data.
INTRODUCTION
The framework of inflation is both theoretically ap-
pealing and observationally succesful. The latest CMB
observations of Planck 2015 provide a very accurate mea-
surement of the spectral index of scalar perturbations:
ns = 0.968 ± 0.006 [1]. In addition, constraints have
been put on the remaining prediction of tensor perturba-
tions: r = At/As < 0.07 at 2σ [2]. Despite this success, it
remains imperative to embed inflation in a UV-complete
theory of quantum gravity.
A first step in this direction is provided by supergrav-
ity. The embedding of inflation in such theories turns out
to be surprisingly intricate, due to their non-trivial scalar
potentials: these entail an interplay between the negative
definite gravitino mass term and the positive definite su-
persymmetry (SUSY) breaking contributions. It took a
decade and a half before the simplest model of quadratic
inflation in supergravity was constructed [3]. This paper
provided two improvements over previous constructions.
First of all, it uses a shift-symmetric Ka¨hler potential
K = − 12 (Φ− Φ¯)2 for the flat scalar manifold to avoid the
η-problem. With the conventional choice K = ΦΦ¯, the
scalar potential’s overall factor exp(K) gives order-one
contributions to the second-slow roll parameter η that
ruin the slow-roll conditions [4]. Secondly, the construc-
tion employs an additional chiral multiplet S that consti-
tutes the sGoldstino, the scalar partner of the Goldstino
field arising due to spontaneous SUSY breaking. This al-
lows for an independent tuning of the gravitino mass and
SUSY breaking, and thus decouples the two ingredients
of the scalar potential.
Supergravity poses strong constraints on the
(s)Goldstino fields: e.g. the masses of this multi-
plet are set only by the SUSY breaking order parameter.
The construction of [3] leaves the inflaton multiplet Φ
free of such constraints. Indeed, it was realized a decade
later that this construction allows for arbitrary infla-
tionary potentials [5, 6]. The subsequent development
of α-attractors, providing an excellent agreement with
the Planck results [1], builds on the same models while
replacing the flat with a hyperbolic Ka¨hler manifold
instead [7, 8].
The versatility of the constructions with the sGoldstino
multiplet does not adress the question whether it is nec-
essary to extend the field content in this manner. Mod-
els of sGoldstino inflation - with inflation taking place in
the same direction in field space as SUSY breaking - have
been investigated with varying results, see e.g. [9–11] and
most recently [12]. A common issue in these investiga-
tions is the interplay between inflation and SUSY break-
ing. The same issue was addressed in [13, 14] depending
on the angle between the two directions of inflation and
the sGoldstini (see also [15]). More recently, single-field
realizations of α-attractors were put forward [16, 17].
In this letter we will prove a comparable versatility for
sGoldstino inflation: all inflationary potentials can be re-
alized in a single-superfield construction. The interplay
between inflation and SUSY breaking therefore poses no
constrains on the inflationary predictions nor on the level
of SUSY breaking, either during or after inflation. More-
over, we will demonstrate that one can independently
introduce a cosmological constant in the final vacuum to
describe the dark energy of the late Universe. The single-
superfield framework, which can be thought of as arising
after a supersymmetric decoupling of any other multi-
plets [12, 18–20], thus proves to be remarkably succesful
in accomodating different physical phenomena.
KA¨HLER PRELIMINARIES
The scalar dynamics of general supergravity models is
specified in terms of two quantities. The real Ka¨hler po-
tential K = K(Φ, Φ¯) specifies the Ka¨hler geometry of the
scalar manifold in terms of the metric KΦΦ¯, while the
holomorphic superpotential W = W (Φ) (together with
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2K) determines the scalar potential via
V = eK
(
−3WW¯ +KΦΦ¯DΦWDΦ¯W¯
)
, (1)
with the Ka¨hler metric KΦΦ¯ ≡ K−1
ΦΦ¯
and the Ka¨hler co-
variant derivative DΦW ≡ ∂ΦW +KΦW . The latter are
covariant under the Ka¨hler transformations W → efW
and K → K− f − f¯ with holomorphic f(Φ), which leave
the scalar potential invariant. Indeed the entire super-
gravity theory can be written in terms of the Ka¨hler func-
tion G = K + log(WW¯ ) [21] and is therefore manifestly
invariant under this gauge transformation. The scalar
potential reads
V = eG
(
−3 +GΦΦ¯GΦGΦ¯
)
, (2)
in terms of this variable. Note that GΦΦ¯ = KΦΦ¯ as the
superpotential contributions drop out.
Following [6], we will make the following assumptions
about these potentials:
• The Ka¨hler potential will be invariant under Φ →
Φ¯, i.e. K(Φ, Φ¯) = K(Φ¯,Φ), and hence will be an
even function of the imaginary component of Φ.
• The superpotential will be a real holomorphic func-
tion of Φ, i.e. W (Φ) = W (Φ¯).
This implies that the Ka¨hler invariant function satisfies
G(Φ, Φ¯) = G(Φ¯,Φ). These properties guarantee that
the truncation to Φ = Φ¯, specifying the trajectory along
which inflation will take place, will be a consistent one:
the field equation for the imaginary component of Φ is
satisfied along the trajectory Φ = Φ¯ for arbitrary choices
of Ka¨hler and superpotentials satisfying the above crite-
ria1. Moreover, one can employ the Ka¨hler transforma-
tion to simplify the Ka¨hler potential:
• The Ka¨hler potential vanishes, K = 0, along the in-
flationary trajectory. This consistutes a shift sym-
metry of the inflaton field and implies that KΦ = 0
along Φ = Φ¯.
Note that this can be achieved for arbitrary Ka¨hler po-
tentials, and fully fixes the Ka¨hler frame. It should be
stressed that this is not an additional physical require-
ment on the theory and only amounts to a convenient
gauge fixing. Examples that will be relevant are
Kfl = − 12 (Φ− Φ¯)2 , Khy = −3α log
(
T + T¯
2|T |
)
, (3)
describing a flat and hyperbolic manifold in terms of co-
ordinates Φ and T , respectively.
1 The constructions of [22, 23] instead use the imaginary direction
as inflaton and require higher-order terms to achieve stability.
SUPERPOTENTIAL FLOWS
Along the inflationary trajectory, the scalar manifold
is one-dimensional and hence can always be brought to
canonical form by means of a field redefinition Φ = Φ(ϕ).
For the examples of Ka¨hler geometries above one finds
Φ = ϕ/
√
2 , T = e−
√
2/(3α)ϕ . (4)
In terms of the canonically normalized inflaton field ϕ,
the superpotential W = W (Φ(ϕ)) therefore satisfies
dW
dϕ
= ±
√
3W 2
2
+
V (ϕ)
2
. (5)
Given a specific scalar potential, this is a non-
autonomous first-order differential equation for W (ϕ).
We will assume V to be non-negative everywhere with
a minimum that can be either Minkowski or De Sitter.
Without loss of generality one can take it at ϕ = 0. Then
the above equation always has a one-parameter family of
solutions: given a valueW (ϕ0) at some point, one can fol-
low the flow defined by (5) and illustrated in figure 1. The
flow is always well-defined since V is non-negative. The
different initial conditions W (ϕ0) result in different su-
perpotential yielding the same scalar potential. This can
be seen as the analogon of ’fake supergravities’ [24] de-
scribing domain wall solutions in AdS dual to RG-flows,
see also [25, 26].
A special feature occurs in the case of a Minkowski
minimum: the flow becomes horizontal at W (ϕ = 0) = 0.
Note that this corresponds to the choice of a supersym-
metry preserving Minkowski minimum; all other choices
would have the same Minkowski minimum with broken
supersymmetry. The horizontal flow at V = W = 0 sig-
nals that one has to take the other branch of solutions,
with opposite sign in (5), to continue in ϕ-space (using
the same signs on both sides of ϕ would result in a dis-
continuous second derivative of the superpotential). We
will refer to this as the SUSY superpotential. This is
illustrated this for a specific V (ϕ) in figure 1.
We would like to stress that one can embed any non-
negative scalar potential in this way in a single-superfield,
allowing for a description of inflation (be it of the chaotic,
hilltop or plateau type) as well as dark energy. Moreover,
the one-parameter ambiguity in the scalarpotential for a
given V (ϕ) allows one to introduce SUSY breaking inde-
pendently. The counterpart to this simplicity is a non-
autonomous differential equation. While this always has
a solution and allows for a simple numerical treatment,
it can be hard to find a closed expression for W .
Its asymptotic behaviour, however, follows from the
observation that the superpotential at large ϕ increases
at least as fast as exp(
√
3/2ϕ). Viable inflationary po-
tentials are much flatter, and hence V will be a small
correction to W 2 in the flow. Note that this implies that
the gravitino mass and the scale of SUSY breaking exceed
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FIG. 1. Left: the flow (5) in (ϕ,W (ϕ)) for a given scalar
potential with a Minkowski minimum. Right: three different
superpotentials in orange (the SUSY one dotted and the non-
SUSY ones dashed) for the same flow with the resulting scalar
potential in solid blue.
the Hubble scale by far. In this regime, the superpoten-
tial can be expanded as
W = ±W0e
√
3/2ϕ
(
1− e−
√
6ϕV (ϕ) + . . .
)
, (6)
in terms of exp(−√6ϕ)V . Such superpotentials were put
forward in combination with a flat [27, 28] and hyperbolic
[16, 17] Ka¨hler geometry to describe plateau inflation,
while the present context is fully general: we have not
made any assumptions on the scalar nor the Ka¨hler po-
tential. Moreover, a similar expansion holds at large −ϕ.
The aformentioned difference between SUSY and non-
SUSY superpotentials translates into the asymptotic
signs
SUSY : W = W0(e
±
√
3/2ϕ + . . .) , x→ ±∞ ,
non− : W = ±W0(e±
√
3/2ϕ + . . .) , x→ ±∞ . (7)
of which the SUSY one touches W = 0 at the minimum2
ϕ = 0. In contrast, generic, non-SUSY superpotentials
have opposite signs in both asymptotic regions and cross
through W = 0 at a different point ϕ 6= 0. Prototypi-
cal examples are cosh(
√
3/2ϕ) and sinh(
√
3/2ϕ), respec-
tively.
The special role of the SUSY superpotential resolves an
apparent paradox with [29], which shows that infinitesi-
mal transformations of the superpotential cannot deform
a supersymmetric Minkowski minimum into a non-SUSY
one. Due to the sign flip of the SUSY solution, its su-
perpotential indeed has a non-continuous difference from
the non-SUSY solutions.
We would also like to mention that our models have
holomorphic superpotentials depending on a complex
scalar field Φ. The reason that these can be converted
into real functions W (ϕ) is the assumption that W (Φ) is
a real holomorphic function. This ensures that the trun-
cation to a real variable ϕ is consistent and unambiguous.
2 A direct corollorary is that any superpotential that has the
asymptotics (7) while it is non-zero at the minimum ϕ = 0 has
an AdS instead of Minkowski vacuum.
Vice versa, solutions to the flow equation (5) allow one
to reconstruct the full holomorphic superpotential.
STABILITY ISSUES
We have thus identified a large degeneracy in the choice
of both the Ka¨hler and the superpotential to generate a
specific inflationary model along the real line. However,
these models will have different properties away from Φ =
Φ¯. An important aspect of this concerns the stability of
the truncation to the inflaton field: what is the mass of
the orthogonal direction, the sinflaton3?
From the general scalar potential (2) it follows that the
average of the scalar masses is given by
m2 =GΦΦ¯VΦΦ¯ = e
G
(
− 2 +GΦΦ¯GΦGΦ¯R+
+ (GΦΦ¯)2(G2Φ +DΦGΦ)(G
2
Φ¯ +DΦ¯GΦ¯)
)
, (8)
where R = GΦΦ¯RΦΦ¯ = −GΦΦ¯∂Φ∂Φ¯ log(GΦΦ¯) is the cur-
vature of the Ka¨hler manifold, which is given by −2/(3α)
for the hyperbolic case and vanishes for the flat case.
Note that, in the SUSY limit with GΦ = 0, the above
formula relates the spin-0 and spin-1/2 masses in an Anti-
de Sitter background. In the non-SUSY case, it can be
rewritten as
m2 =eG
(
2 +GΦΦ¯GΦGΦ¯R
)
+
+
2VΦGΦ¯ + 2VΦ¯GΦ + e
−GVΦVΦ¯
GΦGΦ¯
, (9)
which is a generalization of the mass supertrace relations
of [31, 32] that is valid for any V and any VΦ, and there-
fore also during inflation. In the present set-up, in terms
of the real variable ϕ this reduces to
m2 = 2W 2 + 2W 2ϕR+
V 2ϕ
4W 2ϕ
+
2WVϕ
Wϕ
. (10)
Away from a critical point, the latter two terms are cor-
rections proportional to V ′; however, during slow-roll in-
flation these will be suppressed compared to V . The same
applies to the mass of the inflaton field, which is set by
V ′′. In turn, V and hence the Hubble scale is asymptot-
ically much smaller than W 2. The first two terms of this
expression above therefore set the mass of the orthogonal
sinflaton direction during slow-roll inflation:
• For R > −2/3 or α > 1 the model is stable, with
the sinflaton mass2 increasing with the gravitino
mass. This includes the flat Ka¨hler case.
3 If the inflaton is embedded in a massive vector multiplets with
a D-term potential, the issue of stability does not arise for any
Ka¨hler manifold. A particular example is the Starobinsky model
from R+R2 supergravity in the new minimal formulation [30].
4• For R < −2/3 or α < 1 the model is unstable, with
the sinflaton mass2 decreasing with the gravitino
mass.
• For R = −2/3 or α = 1 the model is unstable,
with the sinflaton mass2 decreasing with the Hub-
ble scale. An example is f(R) supergravity exten-
sions with an F-term action in terms of the chiral
scalar curvature multiplet R [33, 34].
Note that α = 1 is exactly the dividing line between both
asymptotic behaviours where the leading term in (10)
vanishes. However, for α ≤ 1 one can include higher-
order stabilizer terms [8, 17] in order to achieve asymp-
totic stability.
Apart from the model-independent analysis during
slow-roll inflation, the check of stability over the entire
inflationary range is model-dependent and needs to be
checked for specific cases. Once one ends up in a SUSY
Minkowski minimum, the original mass formula (8) im-
plies that the masses of both scalar components (which
are equal in this vacuum) are set by the spin-1/2 mass
terms and are independent of the Ka¨hler curvature.
As a sideremark, in the rigid limit (where there is no
Ka¨hler connection), the mass formula takes the particu-
larly simple form
m2 = V R+
KΦΦ¯VΦVΦ¯
V
, (11)
where V = KΦΦ¯WΦW¯Φ¯. This implies that a massive
sGoldstino can only be stable with a non-vanishing and
positive curvature; R = 0 is the dividing line between
(in-)stability in the rigid limit. An example is the lin-
ear realization of the Volkov-Akulov model, as shown by
[35]. In contrast to their set-up, where both scalar com-
ponents have comparable masses and hence can be made
very massive, we are employing a flat Ka¨hler potential
to generate a very light inflaton field. Therefore it is im-
possible to take a non-linear limit of the present model.
EXAMPLE I: STAROBINSKY INFLATION
We will illustrate the general procedure in two concrete
examples. The first example concerns the Starobinsky
model of inflation [36]. Originally formulated as an R +
R2 theory, it can be rephrased in terms of a canonical
scalar field with scalar potential
V = 3H2
(
1− e−
√
2/3ϕ
)2
. (12)
We will set H = 1 in all subsequent plots. At large pos-
itive field values, the potential asymptotes to a plateau
with an exponentially suppressed fall-off. As a result,
the Starobinsky model shares its inflationary predictions
ns = 0.97 and r = 0.003 at N = 60 e-folds with a large
class of inflationary models with other origins [37–39]. It
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FIG. 2. Left: the scalar potential of Starobinsky inflation (or-
ange) and its approximation in terms of a Pade superpotential
(blue). We also indicate the ratio between the two (green).
Right: the mass m2 for the imaginary inflaton partner in the
case of a Pade superpotential and a hyperbolic (dashed) and
flat (dotted) Ka¨hler potential.
was demonstrated in [16, 17] that such plateau models
can be described by a superpotential of the form4
W = W0(T
−3/2 − T 3/2f(T )) , (13)
in terms of hyperbolic coordinates T with Ka¨hler po-
tential (3), where the profile function f(T ) has a regu-
lar Taylor expansion around T = 0. In order to obtain
the full Starobinsky potential, it turns out that one must
choose an inflationary profile that also has a regular Tay-
lor expansion around T =∞.
As discussed before, although its existence can be
proven, obtaining an exact expression for the underlying
superpotential can be very hard. In this case, however,
we can obtain a very good approximation by making an
Ansatz for the profile function given by a Pade approxi-
mant,
f(T ) =
a+ bT
1 + cT
, (14)
compatible with both asymptotic limits T → 0 and
T → ∞. Requiring the resulting scalar potential to
have a Minkowski vacuum at ϕ = 0 yields two con-
straints on the three parameters of this Ansatz. The
remaining parameter interpolates between different ap-
proximations of the Starobinsky potential (12). For con-
creteness, we will take a specific element with coefficients
(a, b, c) = (7,−5, 1). This particular superpotential was
actually plotted as the dotted orange line in figure 1.
The resulting scalar potential is equal to Starobinsky
inflation up to a field-dependent factor V = d(φ)VSt with
d(φ) =
1
109 cosh4(φ/
√
6)
(
43 cosh(
√
8
3
φ) + 74 cosh(
√
2
3
φ)
+ 27− 22 sinh(
√
2
3
φ)− 13 sinh(
√
8
3
φ)
)
. (15)
Note that d(φ) is a smooth function that never vanishes
and interpolates between the values 1 and 179/109 in an
4 A superpotential that is dominated by a single monomial cannot
generate a De Sitter plateau [40].
5almost monotonic manner. From the moment of CMB
all the way up to the end of inflation, it only changes a
few percent, and hence the inflationary predictions will
be virtually identical to those of Starobinsky (Fig. 2).
This demonstrates that one can obtain arbitrarily accu-
rate approximations to this particular inflationary model.
Moreover, the general argument put forward in this let-
ter guarantees that there is a superpotential that exactly
reproduces the scalar potential (12).
Turning to the stability of the orthogonal direction, the
general discussion implies that plateau models with α = 1
will have an instability when embedded in a hyperbolic
Ka¨hler geometry (3). This can be remedied by going to
a flat Ka¨hler metric. The relation to ϕ on the real line
implies that one must use the coordinate replacement
T = e−2Φ/
√
3α . (16)
with α = 1 to obtain the corresponding superpotential
in flat coordinates:
W
W0
= sinh(
Φ√
3
) tanh(
Φ√
3
)
(
1 + 6 cosh(
2Φ√
3
)− 4 sinh( 2Φ√
3
)
)
.
(17)
Note that the superpotential encounters a singularity
when the imaginary component of Φ equals ±√3pi/2; in-
deed the scalar potential becomes infinite at this line. We
therefore have to restrict to a horizontal strip of the flat
geometry.
As follows from the general discussion, the imaginary
direction will be stable on the plateau at large Φ = Φ¯ for
the flat model. One can check that the same holds along
the entire inflationary line (Fig. 2). Note that the sinfla-
ton masses are equal in the SUSY Minkowski minimum
for the hyperbolic and flat cases, and asymptote to the
negative Hubble scale or a positive gravitino mass during
inflation, respectively. All these aspects follow from the
general discussion on the stability issues.
EXAMPLE II: GONCHAROV-LINDE INFLATION
An inflationary model with a simpler superpotential,
allowing for a nice illustration of our general considera-
tions, is actually provided by the first supergravity model
of inflation by Goncharov and Linde (GL) [27, 28]. It has
a flat Ka¨hler geometry and a superpotential that reads
W =
1√
3
sinh(
√
3Φ) tanh(
√
3Φ) , (18)
where one has to restrict the imaginary component of Φ
to the domain between ±pi/(2√3). Along the middle of
this strip, Φ = Φ¯, the resulting scalar potential reads
V = tanh2(
√
3/2ϕ)
(
4− tanh2(
√
3/2ϕ)
)
. (19)
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FIG. 3. The superpotentials (left) and scalar potentials (right)
for the generalized GL-model with parameter choices (, δ) =
(0, 0), (1, 0), (1,
√
2/3) in blue, orange and green, respectively.
Again this has a plateau, however, with a different expo-
nential fall-off than the Starobinsky model5. It therefore
belongs to the same class of models as α-attractors with
α = 1/9.
The original GL model has a Minkowski minimum
with unbroken SUSY. We will introduce two independent
deformations of this model in order to describe SUSY
breaking and a positive cosmological constant. The gen-
eralized superpotential is
W
W0
=
√
sinh(
√
3Φ)2 + 23
2 tanh(
√
3Φ) + δ cosh(
√
3Φ) .
(21)
The resulting scalar potential still has a minimum at ϕ =
0, at which
V
W 20
= 22 − 3δ2 , W
W0
= δ ,
∂ϕW
W0
=  . (22)
Non-negativity of the scalar potential requires 22 − 3δ2
to be zero or positive. The first case leads to a Minkowski
vacuum, while in the second case the value of this com-
bination determines the cosmological constant. Inde-
pendently of this, one can introduce SUSY breaking
by means of the parameter . The different parameter
choices are illustrated in Fig. 3.
DISCUSSION
In this letter we have outlined a general framework
to realize arbitrary scalar potentials with a Minkowski
or De Sitter vacuum as sGoldstino inflation. Moroever,
the one-parameter degeneracy in the superpotential cor-
responds to the freedom to incorporate SUSY breaking.
5 There appears to be an interesting relation between the two mod-
els: they both follow from a similar Ansatz. In terms of curved
coordinates (16), this class is given by the general Ansatz of [16]
with the specific Pade approximant choice
f(T ) = 1 + 6
√
α
1− T
1 + T
, (20)
which was considered for different reasons in [17].
6Perhaps the clearest illustration is provided by the super-
potential (21) with separate parameters for SUSY break-
ing and the cosmological constant. In addition, we have
discussed an accurate approximation of Starobinsky in-
flation.
A general feature of our models is that the scale of
SUSY breaking, set by Wϕ, is much larger than the in-
flationary Hubble scale, set by V . One might worry that
this exceeds the Planck scale. However, due to the hier-
archy between the Hubble and the Planck scale this does
not happen until ϕ &
√
2/3 log(MPl/H) ∼ 10 in Planck
units. Therefore this allows for the observationally pre-
ferred models of plateau inflation. Similarly, our general
construction employs a Ka¨hler frame with a shift sym-
metry along the inflationary direction, which is however
fully broken by the superpotential. This construction
therefore requires a different mechanism to protect itself
from quantum corrections with large implications for in-
flation.
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